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, Riemann $(\mathrm{A}I, m)$ $G$ $\pi$ : $Parrow M$
$\overline{\nabla}$ .
$M$ $\{U_{\alpha}\}$
$\varphi_{a\beta}$ : $U_{a}\cap U_{\beta}(\neq\phi)arrow G$
, , U\alpha g 2 \Theta -\alpha ,
$_{\beta}-=\mathrm{A}\mathrm{d}(\varphi_{\alpha\beta}^{-1})_{\alpha}-$
. g 2 {e,a (M )
. $G=U(1)$ ( ) , $_{\alpha}=\overline{\Theta}_{\beta}-$ , $M$ 2
, .
(Yang-Mil ) ( )
(Schr6dinger ) ( ) , 1980
– , , ,





$G$ Lie . $G$ Lie $\mathfrak{g}$ ( ) $m_{\mathfrak{g}}$
(-l)xKilling , $\text{ }m_{\mathfrak{g}}\text{ }\mathrm{A}\mathrm{d}(g)(g\in G)\text{ }$ , , $G$
$m_{G}$ . $M$ $G$ $\pi$ : $Parrow\Lambda\prime I$ , $\mathrm{A}\prime I$
$m,$ $G$ $m_{G}$ , $P$ $\overline{\nabla}$ , $P$ Riemann (Kaluza- Klein
$\uparrow \mathrm{E}-$-mail address: kuwabara@ia\epsilon .tokushima-u.ac.jp
1500 2006 69-80 69
) , $V$ $H$
. , $T^{*}P\text{ }\mathrm{H}\mathrm{a}\mathrm{m}\mathrm{i}\mathrm{l}\mathrm{t}\mathrm{o}\mathrm{n}\text{ }\overline{I- I}\text{ }$ , Hamilton
$(T^{*}P, \Omega_{P},\tilde{H})$ . , $\Omega_{P}$ $T^{*}P$
.
(cf. [1])
$G$ $P$ ( ) $TP$ , $\Omega_{P}$ ,
. G (\Omega P )
$J:T^{*}Parrow g^{*}$ ($\mathfrak{g}$ )
$\langle J(p), A\rangle=\langle p, A^{P}\rangle$ $(p\in T^{*}P_{1}A\in \mathfrak{g})$
. , $A^{P}$ $A\in \mathfrak{g}$ ( $G$- )
$P$ . , $.J$ $(T^{*}P, \Omega_{P},\overline{II})$ , $\mathrm{A}\mathrm{d}^{*}-$
,
$J\circ R_{g}^{*}=\mathrm{A}\mathrm{d}^{*}(g)\mathrm{o}J$ $(g\in G)$ (1.1)
. , $R_{g}$ $g\in G$ $P$ $Parrow’ p\cdot g$ , :
$T_{p}^{*}.{}_{g}Parrow T_{p}^{*}P\text{ }$ . , Ad’(g) ,
$\langle \mathrm{A}\mathrm{d}^{*}(g)\nu, X\rangle=\langle\nu,\mathrm{A}\mathrm{d}(g^{-1})X\rangle$ $(\nu\in \mathfrak{g}^{*}, X\in \mathfrak{g})$
.
$J$ , : $\mu,$ $\in g^{*}$
, $J^{-1}(\mu)$ $P$ .
$G_{\mu}:=\{g\in G|\mathrm{A}\mathrm{d}^{*}(g)\mu=\mu\}$
, $J^{-1}(\mu)$ $G_{\mu}$- . $P_{\mu}:=J^{-1}(\mu)/C_{\mathit{1}}\mu$ , $\Omega_{P}$
$\Omega_{\mu}$ , $\tilde{H}$ Hamilton $H_{\mu}$
. , Hamilton $\mathcal{H}_{\mu}=(P_{\mu}, \Omega_{\mu}.H_{\mu})$
. “charge”\mu .
$G/G_{\mu}$ $\mu$ $O_{\mu}=\{\mathrm{A}\mathrm{d}^{*}(g)\mu|g\in G\}$
. , (1.1) , $P_{\mu}=J^{-1}(O_{\mu})/G$ .
$\mathcal{H}_{\mu}$
$G_{\mu}\neq G$ . $M_{\mu}:=P/G_{\mu}$ . , $\pi’$ :
$\mathrm{A}f_{\mu}arrow \mathrm{A}I(=P/G)$ $O_{\mu}$ .
$\pi’$ : $M_{\mu}arrow\Lambda I$ $\pi_{M}$ : $T^{*}Marrow\Lambda I$ $\pi_{M_{\mu}}’$ : $\mathrm{A}.I_{\mu}\#arrow M_{\mu}$
:
$\Lambda I_{\mu}^{\#}=\{(q, \xi)\in\Lambda.I_{\mu}\cross T^{*}M|\pi’(q)=\pi_{M}(\xi)\}$ .
$\mathrm{A}f_{\mu}\#$ $T^{*}M_{\mu}$ . , $M_{\mu}\#$ $T^{*}M_{\mu}$










$\tilde{\nabla}$ ( $P$ $g$ 1 ) $\theta$ , $\theta_{\mu}=\langle\mu, \theta\rangle$ .
11. $G_{\mu}$ Lie $\mathfrak{g}_{\mu}$ . $\mathfrak{g}$ $A$ ,
$\Lambda\in \mathfrak{g}_{\mu}\Leftrightarrow$ $d\theta_{\mu}(\Lambda^{P}, X)=0$ for $\forall X\in TP$ .
, d\theta \mu \Lambda f\mu 2 . , 2
$\Omega_{\mu}^{*}:=(\tilde{\pi}’)^{*}\Omega_{M}+(\pi_{M_{\mu}}’)^{*}(d\theta_{\mu})$
, $\Lambda\cdot I_{\mu}^{*}$ . , : $M_{\mu}\#arrow$
$T^{*}\Lambda I$ $\pi’$ : $\mathrm{A}I_{\mu}arrow\Lambda\cdot I$ , $\Omega_{M}$ $T^{*}\Lambda I$
. ( $\Omega_{\mu}\#$ , $\Omega_{M}$ 1.1
$\Leftarrow$ .)
. $M_{\mu}\#$ $\Omega_{\mu}\#$ $T^{*}\Lambda \mathit{1}_{\mu}$ $\Omega_{M_{\mu}}+$
$(\pi_{M_{\mu}})^{*}(d\theta_{\mu})$ . , $\Omega_{M_{\mu}}$ $T^{*}M_{\mu}$
, $\pi_{h\mathrm{f}_{\mu}}$ : $T^{*}M_{\mu}arrow\Lambda\prime I_{\mu}$ .
$M$ Riemann $m$ $T^{*}M$ Hamiltonn $H$ ,
, $H(x, \xi)=\sum m^{ij}(x)\xi_{i}\xi_{j}$ . , $\mathrm{A}I_{\mu}\#$ Hamilton $H_{\mu}\#:=(\tilde{\pi}’)^{*}H$
. , Hamilton $(\Lambda^{J}I_{\mu}\#, \Omega_{\mu}\#, H_{\mu}\#)$ .
1.2. $\mathcal{H}_{\mu}$ $(\mathrm{A}/I_{\mu}\#, \Omega_{\mu}\#, H_{\mu}\#)$ . ,
$\chi_{\mu}$ : $P_{\mu}arrow M_{\mu}\#$ ,
$\Omega_{\mu}=\chi_{\mu}^{*}\Omega_{\mu}^{\#}$ , $H_{\mu}=\chi_{\mu}^{*}H_{\mu}^{\#}+||\mu,||^{2}$ .
$\text{ }$ $-\mathrm{W}\mathrm{o}\mathrm{n}\mathrm{g}$
$(\Lambda f_{\mu}\#, \Omega_{\mu}\#, H_{\mu}\#)$ . $P$
$U\cross G(U\subset M)$ $(x, g)=(x^{1}, \ldots, x^{d};g^{1}, \ldots, g^{f})$ . $\mathrm{A}f_{\mu}$
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$U\cross(G/G_{\mu})\cong U\mathrm{x}O_{\mu}$ . $\mathcal{O}_{\mu}(\subset g^{*})$
, $\nu=\mathrm{A}\mathrm{d}^{*}(g)\mu(g\in G)$ . , $M_{\mu}$ , $(x, \nu)=$
$(x^{1}, \ldots, x^{d};\nu^{1}, \ldots, \nu^{r})$ . $X\in \mathfrak{g}$ , $\mathrm{a}\mathrm{d}^{*}(X):\mathfrak{g}^{*}arrow$
$\langle \mathrm{a}\mathrm{d}^{*}(X)\nu, Y\rangle=\langle\nu, \mathrm{a}\mathrm{d}(-X)Y\rangle=\langle\nu, -[X, \mathrm{Y}]\rangle$ $(\nu\in g^{*}, Y\in g)$
, {X, $\nu$} $:=\mathrm{a}\mathrm{d}^{*}(X)\nu$ . $\nu\in \mathcal{O}_{\mu}$ $O_{\mu}$ $\eta$ , $\mathfrak{g}^{*}$







$\Theta(x.g)$ $=$ $\frac{1}{2}\sum_{1,j}\Theta_{lj}(x, g)dx^{:}\wedge d\prime i$
$\frac{1}{2}\sum_{i,j}\{(\frac{\partial\theta_{j}}{\partial x^{1}}-\frac{\partial\theta_{l}}{\partial x^{j}})+[\theta_{i}, \theta_{j}]\}dx^{i}\wedge d\dot{\theta}$
. $\Theta_{\mu}:=(\mu,$ $\ominus\rangle$ , $_{\mu}$ $A,f_{\mu}$ 2
.




, $\Theta_{jk}^{(\mu)}(x, g):=\langle\mu, \Theta_{jk}(x, g)\rangle,$ $\nu=\mathrm{A}\mathrm{d}^{*}(g)\mu(g\in G\rangle$ . , $_{jk}^{(\mu)}(x,g)$
2 $g(\in G)$ $[g]\in G/G_{\mu}\cong O_{\mu}$ .
2 (Schr\"odinger )
$G$
Lie $\mathfrak{g}$ $\mathfrak{g}\mathrm{c}$ , $\mathfrak{h}$ Cartan . $(\mathfrak{g}_{\mathbb{C}}, \mathfrak{h})$
$\Delta$ , $\mathfrak{h}_{\mathrm{R}}:=$ { $H\in \mathfrak{h}|\alpha(H)\in \mathbb{R}$ for $\forall\alpha\in\Delta$} . , $\mathfrak{g}$
Cartan $\iota\simeq$-Rl(l=rankG) , hR=it , ,
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$=il^{*}\subset\sqrt{-1}\mathfrak{g}^{*}$ . (9 , $\mathfrak{g}^{*}\cong \mathfrak{g},$ $\mathrm{t}^{*}\cong \mathrm{t}$
.) A $:=\mathfrak{h}_{\mathrm{R}}\cap\exp^{-1}(e)$ ( $\mathrm{e}\mathrm{x}\mathrm{p}:\mathfrak{g}_{\mathbb{C}}arrow G_{\mathbb{C}}$ , $e$ G ) , A
$(\cong i\mathbb{Z}^{l})$ . $\Lambda$ $\Lambda^{*}(\subset \mathfrak{h}_{\mathrm{R}}^{*})$ ( (integral form) )
. ,
$\Lambda^{*}:=$ { $\lambda\in \mathfrak{h}_{\mathrm{R}}^{*}|\langle\lambda,.H\rangle\in 2\pi \mathbb{Z}$ for $\forall H\in\Lambda$ } $\cong 2\pi\sqrt{-1}\mathbb{Z}^{l}$ .
, Weyl chamber $C^{+}$ , $G$ $\hat{G}$
$C^{+}\cap\Lambda^{*}$ – . , $\mu(\neq 0)\in \mathfrak{g}^{*}$ , $iO_{\mu}(\subset$ $\sqrt$-lv ,
$C^{+}$ 1 .
, Schr\"odinger
$\mu\in g^{*}$ $\lambda:=\sqrt{-1}O_{\mu}\cap C^{+}\in\Lambda^{*}$ . $\lambda$ $G$
$(\rho_{\lambda}, V_{\lambda})$ . $P$ Hermite $\mathcal{E}_{\lambda}=P\mathrm{x}_{\rho_{\lambda}}$
$V_{\lambda}arrow M$ . Hermite $\mathcal{E}_{\lambda}$ $L^{2}$ Hilbert $L^{2}(M, \mathcal{E}_{\lambda})$
$\mathcal{H}_{\mu}=(P_{\mu}, \Omega_{\mu}. H_{\mu})$ .
, $P$ $\overline{\nabla}$ , $\mathcal{E}_{\lambda}$ ( ) $\tilde{\nabla}$ : $C^{\infty}(M, \mathcal{E}_{\lambda})arrow C^{\infty}(\Lambda,f.,$ $T^{*}M\otimes$
\mbox{\boldmath $\delta$}\mbox{\boldmath $\lambda$}p\leq . , $\mathcal{E}_{\lambda}$ Laplacian $L^{(\lambda)}=\tilde{\nabla}^{*}\overline{\nabla}$ : $L^{2}(M, \mathcal{E}_{\lambda})arrow L^{2}(M, \mathcal{E}_{\lambda})$




. , $\nabla$ Levi-Civita , $\Lambda=\sum\Lambda_{j}d.\prime r^{j}$ \iota 2 $\tilde{\nabla}$ $M$
$\mathrm{u}(V_{\lambda})$ 1 .
$M$ , $L^{(\lambda)}$ ( ) ,
$\nu_{1}^{(\lambda)}\leq\nu_{2}^{(\lambda)}\leq\cdots\leq\nu_{k}^{(\lambda)}\leq\cdots\uparrow+$
.
$\text{ }P$ $L^{2}$ , Laplacian
$P$ $L^{2}$ $f$ , $g\in G$
$f(p\cdot g)=\rho_{\lambda}(g^{-1})f(p)$ $(p\in P)$
( $G$ ) $L_{\lambda}^{2}(P_{\backslash }V_{\lambda})$ . ,
$L^{2}(M, \mathcal{E}_{\lambda})\cong L_{\lambda}^{2}(P, V_{\lambda})$
( , ).
$\rho_{\lambda}$ $\chi_{\lambda}$ , $P_{\lambda}$ : $L^{2}(P)arrow L^{2}(P);frightarrow f_{\lambda}$
$f_{\lambda}(p):= \dim V_{\lambda}\int_{G}\chi_{\lambda}(g^{-1})f(p\cdot g)dg$ $(p\in P)$
73
, $P_{\lambda}$ $L_{\lambda}^{2}(P)$ . , $P\ni p=(x, g)\in U\cross G(U\subset \mathrm{A}I)$
,
$f_{\lambda}(p)=f_{\lambda}(x, g)= \sum_{i,j}\rho_{\lambda}(g)_{j}ff_{0}(x)_{i}^{j}$




$\rho_{\lambda}(g)(.q\in G)$ $V_{\lambda}^{*}\otimes V_{\lambda}(=\mathrm{E}\mathrm{n}\mathrm{d}_{\mathbb{C}}(V_{\lambda}))$ , (Fourier ) $F_{\lambda}$ :
$L^{2}(P)arrow L^{2}(P, V_{\lambda}^{*}\otimes V_{\lambda});f\mapsto F_{\lambda}$
$F_{\lambda}(p):= \dim V_{\lambda}\int_{G}f(p\cdot g)\rho_{\lambda}(g)d.q$ $(p\in P)$
, F $L_{\lambda}^{2}(P, V_{\lambda}^{*}\otimes V_{\lambda})$ . ,
$F_{\lambda}(p)=F_{\lambda}(x, g)=\rho_{\lambda}(g^{-1})F_{0}(x)$
. , F0(x) d . , $F_{\lambda}(p\cdot g)=\rho_{\lambda}(g^{-1})F_{\lambda}(p)$
, $\{v_{1}, \ldots, v_{k}\}(d_{\lambda}:=\dim V_{\lambda})$
, $f_{\lambda}^{j}(p):=F_{\lambda}(p)v_{j}\in V_{\lambda}(i=1, \ldots, d_{\lambda})$ , $f_{\lambda}^{j}(p)\in L_{\lambda}^{2}(P, V_{\lambda})$ .
, :
$\in L_{\lambda}^{2}(P, V_{\lambda}^{*}\otimes V_{\lambda})$ ( $F_{\lambda}(p)$ $d_{\lambda}$ ),
$[\Phi_{\lambda}(F_{\lambda})](p)=\mathrm{R}\mathrm{a}\mathrm{c}\mathrm{e}$ $[ t\overline{F_{\lambda}(p)}]$ $(p\in P)$
, $P_{\lambda}=\Phi_{\lambda}\circ \mathcal{F}_{\lambda}$ , $\Phi_{\lambda}$ $L_{\lambda}^{2}(P, V_{\lambda}^{*}\otimes V_{\lambda})$ $L_{\lambda}^{2}(P)$
$(\Phi_{\lambda}^{-1}=F_{\lambda})$ . $f_{\lambda}(p)\in L_{\lambda}^{2}(P),$ $F_{\lambda}(p)\in L_{\lambda}^{2}(P, V_{\lambda}^{*}\otimes V_{\lambda})$
, 1 1 :
$L_{\lambda}^{2}(P)$ $\cong$ $L_{\lambda}^{2}(P, V_{\lambda}^{*}\otimes V_{\lambda})$
$\cong$ $L_{\lambda}^{2}(P, V_{\lambda})\oplus\cdots\oplus I_{J}^{2}(\lambda P, V_{\lambda})$
$\cong$ $L^{2}(M, \mathcal{E}_{\lambda})\oplus\cdots\oplus L^{2}(\mathrm{A}f,\mathcal{E}_{\lambda})$ .
:
$L^{2}(M, \mathcal{E}_{\lambda})$ $L_{\lambda}^{2}(P, V_{\lambda})$ $L_{\lambda}^{2}(P, V_{\lambda}^{*}\otimes V_{\lambda})$ $L_{\lambda}^{2}(P)$





$\psi_{d_{\lambda}}$ $rightarrow$ $\Psi:=(\psi_{1}, \ldots,\psi_{d_{\lambda}})$ $rightarrow$ $\psi_{P}:=\mathrm{R}\mathrm{a}\mathrm{c}\mathrm{e}$ $[ {}^{t}\overline{\Psi}]$
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Kaluza-Klein $\tilde{m}$ $P$ Laplace Beltrami $\Delta_{P}$ ,
\Delta P L2\mbox{\boldmath $\lambda$}(P) . G Laplac\sim Beltrami
$\Delta c$ , $\Delta_{G}\rho_{\lambda}(g)_{j}^{i}=(||\lambda+\delta||_{\mathfrak{h}}^{2}. -||\delta||_{b^{*}}^{2})\rho_{\lambda}(g)_{j}^{i}$ . , $\delta\in$
(gC:h) 1/2 , $||$ . llb‘ Killing
. , $T_{p}P=H_{p}\oplus V_{p}\cong T_{\pi(p)}M\oplus T_{e}G$
, .




$\{\nu_{k}^{(\lambda)}+(||\lambda+\delta||_{\mathfrak{y}}^{2}$. $-||\delta||_{\mathfrak{y}*}^{2})|k\in \mathrm{N}\}$ (d\mbox{\boldmath $\lambda$} )
.
3




. (A$f_{\mu}\#,$ $\Omega_{\mu}^{*}$ ) Lagrange $L$ , $(TP, \Omega_{P})$
Lagrange $L_{P}$ , (i), (ii) :
(i) $L_{P}\subset J^{-1}(O_{\mu}),$ $\chi_{\mu}\circ\pi_{\mathrm{O}_{\mu}}(L_{P})=L$ . , $\pi_{Q_{\mu}}$ : $J^{-1}(O_{\mu})arrow P_{\mu}=J^{-1}(O_{\mu})/G$
.
(ii) $L_{P}$ $\gamma$ ,
$\frac{1}{2\pi}\int_{\gamma}\omega_{P}-\frac{1}{4}m_{L_{P}}([\gamma])\in \mathbb{Z}$ (Q-C)




4$\overline{G}:=S^{1}\cross G=\{(e^{1t}, g);0\leq t<2\pi, g\in G\}$
. Peter-Weyl , $L^{2}(\overline{G})$ $f(t, g)$ :
$f(t, g)= \sum_{\ell\in \mathrm{Z}}\sum_{\rho\in\hat{G}}\sum_{j,k}\hat{f}_{\ell,\rho}^{j,k}e^{:\ell t}\rho(g)_{k}^{j}$
(4.1)
, $\rho(g)_{k}^{j}$ $\rho$ .
$n_{k}=dk+1(k=0,1,2, \ldots)$ , (4.1) , $(\ell, \rho)\neq(n_{k}, \rho_{n_{k}\lambda})$
, $\hat{f}_{l};_{\rho}’=0$ $f\in T_{\lrcorner}^{2}(\overline{G})$ $L_{\lambda}^{2}(\overline{G};\{n_{k}\lambda\})$ .
$G$ 1 $D_{G}:=(\triangle c+||\delta||\mathfrak{y}*)^{1/2}$ ,
$D_{G}\rho_{\lambda}(g)_{k}^{j}=(||\lambda+\delta||_{\mathfrak{h}}\cdot)\rho_{\lambda}(g)_{k}^{j}$ . $D_{G\beta_{n\lambda}}(g)_{k}^{j}=(||n\lambda+\delta||_{\mathfrak{h}}\cdot)\rho_{n\lambda}(g)_{k}^{j}(n\in \mathrm{N})$
. , $A$ : $\mathcal{D}’(\overline{G})arrow \mathcal{D}’(P)$
:
(A-i) $\tilde{E}^{-1}\Delta_{P}\Lambda-\Lambda D_{\overline{G}}$ $L^{2}(\tilde{G})$ $L^{2}(P)$ .
, $\overline{E}:=E+||\mu||^{2}(=E+||\lambda||_{b}\cdot)$ , $D_{\overline{G}}$ $\tilde{G}$ :
$D_{\tilde{G}}:=- \frac{1}{4}(\frac{\partial’}{\partial t}+\frac{i}{||\mu||},D_{G})^{2}$ .
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(A-ii) $A_{i}L_{\lambda}^{2}(\tilde{G};\{n_{k}\lambda\})arrow L^{2}(P)$ .
(A-iii) $(w_{k})_{l}^{j}(t, .q):=(d_{k}/2\pi)^{1/2}c^{in_{k}}$ .${}^{t}\rho_{n_{k}\lambda}(g)_{l}^{j}(d_{k}:=\dim V_{n_{k}\lambda})$ , $(\psi_{k})_{l}^{j}$ $:=$
$A[(w_{k})_{l}^{j}]$ $L_{n_{k}\lambda}^{2}(P)$ .




$\leq$ A, |wk||L2(G- $\rangle$ $=\Lambda.I$ .
- , $\{\varphi_{j}\}_{j=1}^{\infty}$ $\Delta_{P}|_{L_{n_{k^{\lambda}}}^{2}(P)}$ , $L_{n_{k}\lambda}^{2}(P)\ni\psi_{k}’=$






, (A-ii): \Sigma j| $|^{2}=||\psi||_{L^{2}(P)}^{2}=||w_{k}||_{L^{2}(\overline{G})}^{2}=1$ .
,
$\inf_{j}\{\tilde{\nu}_{j}^{(n_{k}\lambda)}-\tilde{E}\overline{n}_{k}^{2}\}^{2}\leq\overline{E}^{2}\Lambda I$, $i.c.$ , $\inf_{j}|\tilde{\nu}_{j}^{(n_{k}\lambda)}-\tilde{\Gamma^{\mathrm{t}},}\overline{n}_{k}^{2}|\leq \mathrm{C}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}$ .
, .
, (A-i) $-(\mathrm{A}- \mathrm{i}\mathrm{i}\mathrm{i})$ $A$
. $A$ , Lagrange
$L(L_{P})$ canonical relation $C\subset(T^{*}P\backslash \mathrm{O})\cross(T\tilde{\mathfrak{B}}\backslash 0)$
Fourier (cf. [4]. [9]) . [5] $G=U(1)$
. ( [10] [9, Ch.XII, \S 4]
( ) .)
$\text{ }$ $A$
$m_{L_{P}}\in H^{1}(L_{P}, \mathbb{Z})$ mod 4 , $m_{L_{P}}$ : $\pi_{1}(L_{P})arrow \mathbb{Z}_{4}$ ( $d$ )
$p$ : $\overline{L}_{P}arrow L_{P}(\subset T^{*}P)$
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. $\overline{\ell,0}\in\overline{L}_{P}$ , $\alpha:\overline{\Gamma_{J}}Parrow S^{1}$
$\overline{\ell}rightarrow\exp(i\int_{\overline{c}}p^{*}\omega_{P})$ ( $\overline{c}:\overline{\ell}_{0}$ $\overline{\ell}$ )
. (Q-C) , \alpha well-defined . ,
$j$ : $\overline{L}_{P}\cross \mathbb{R}^{+}\cross Garrow(T^{*}P\backslash \mathrm{O})\cross(T^{*}\overline{G}\backslash 0)=(T^{*}P\backslash 0)\cross(T^{*}S^{1}\cross T^{*}G\backslash 0)$
$j(\overline{\ell}, \tau, g)=(\tau l, (\alpha(\overline{\ell}\cdot g^{-1})$ . $-\tau),$ $(g, -\tau J(\ell\cdot g^{-1})))$
. ( , , $T^{*}G\cong G\cross \mathfrak{g}^{*}$ .)
A $:=i(\overline{L}_{P}\mathrm{x}\mathbb{R}^{+}\cross G)$
.
4.1. $\Lambda$ $(T^{*}P\backslash \mathrm{O})\cross(T^{*}\overline{G^{\gamma}}\backslash 0)$ conic Lagrange .
$A$
$C:=\Lambda’=\{(\tau l;(\alpha(\overline{P}\cdot g^{-1}), \tau). (g, \tau J(\ell\cdot g^{-1})))|\overline{l}\in\overline{L}_{P}, \tau\in \mathbb{R}^{+}, g\in G\}$
Canonical relation Fourier , , $A$ ( )
$(2 \pi)^{-(d+2t+1)/4-N/2}\int e^{i\phi(x,y,\theta)}a(x, y, \theta)d\theta$ $(x\in P, y\in\tilde{G}, \theta\in \mathbb{R}^{N})$
(Fourier integral distribution) .
$A$ $(\mathrm{A}- \mathrm{i}),(\mathrm{A}- \mathrm{i}\mathrm{i}),(\mathrm{A}- \mathrm{i}\mathrm{i}\mathrm{i})$ , ,
:
(A-i) :Fourier ( ) ( )
, order , .
(A-ii) : $\Lambda^{*}l4$ $L^{2}(\overline{c_{J}^{\gamma}})$ $I_{J}^{2}(\mathrm{t}_{X}^{\gamma};\sim\{n_{k}\lambda\})$ .
(A-iii) :canonical relation $C$ “G- ” .
, (A-ii)
. , $L^{2}(\tilde{G})$ $L^{2}(\tilde{G};\{n_{k}\lambda\})$ $\Pi$ order $-r/2$
Fourier , Canonical relation A*A
. , A principal symbol , lower0rder
=A*A . , lower order
=AA*A . – ,
G=U(l) ([5])
. , $A$ (H\"ormander )
$I^{-\frac{1}{4}(d+2r-1)}(P\cross\tilde{G}, C)$
$(d=\dim\Lambda I, r=\dim G)$ Fourier .
78
5 ,
, $n\in \mathrm{N}$ ,
$L^{(n\lambda)}=- \sum m^{jk}(\nabla_{j}+nA_{j})(\nabla_{k}+nA_{k})$
( $\sum\Lambda_{j^{(}}l.x^{j}$ : $\lambda\in \mathbb{R}$ ) , $1/n=h$ ,
$\hat{H}_{\hslash}=\frac{1}{n^{2}}L^{(n\lambda)}=-\sum_{j,k}m^{jk}(\hslash\nabla_{j}+A_{j})(\hslash\nabla_{k}+A_{k})$
(P\mbox{\boldmath $\lambda$}, \Omega \mbox{\boldmath $\lambda$}, H\mbox{\boldmath $\lambda$}) ( ) Schr\"odinger .
, $\hat{H}_{\hslash}=L^{(n\lambda)}/\tilde{n}^{2}$ , $\nu(\hslash)$ $:=$
$\nu_{j_{k}}^{(n_{k}\lambda)}/\overline{n}_{k}^{\mathit{2}}$ $\hat{H},$, . ,
$\nu(\hslash)=E-C\hslash+O(\hslash^{2})$ ,
, E ( , Lagrange
, $H\equiv E$ ) , $E$
$O(h)$ .4
:
( $G$ $U(1)$ ) , [5] , $E$









, $\hslash=(n_{k}\tilde{n}_{k})^{-1/2}(\sim n_{k}^{-1})$ , , $\nu(\hslash)=E+O(\hslash^{2})$
. , $\tilde{L}^{(\lambda)}\text{ }$ , (
) ( ) ? ,
Schr\"odinger ?
.
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